ABSTRACT: Pigs digest P in plant feedstuffs poorly because pigs do not produce suffi cient endogenous phytase to hydrolyze P from phytate (inositol hexaphosphate). Supplementation of phytase to diets of piglets and grower-fi nisher pigs increased digestibility of minerals including P and Ca; however, data on phytase effi cacy in lactating sows are scarce. Therefore, effects of adding a bacterial 6-phytase expressed in a strain of Aspergillus oryzae (Ronozyme HiPhos; DSM Nutritional Products, Basel, Switzerland) on apparent total tract digestibility (ATTD) of P and Ca was assessed in 45 lactating sows. Three diets were prepared: (i) positive control (PC; 0.52% available P), a regular sow diet containing inorganic P, (ii) negative control (NC; 0.20% available P) without inorganic P, and (iii) NC + 500 units of phytase/kg diet. Each diet was fed randomly to 15 sows for 21 d (from 5 d prior to farrowing to 15 d after farrowing). At day 15 after farrowing, ATTD of P did not differ between PC and NC. Phytase supplementation to NC increased (P < 0.05) ATTD of P from 34 to 46% compared to NC but did not affect (P > 0.05) ATTD of CP and Ca. On day 1 after farrowing, plasma P was 0.66 mmol/L lower (P < 0.05) in sows fed NC than PC. Phytase supplementation to NC increased (P < 0.05) plasma P by 0.40 mmol/L on day 1 but not on day 15 after farrowing. In conclusion, phytase supplementation increased P bioavailability in lactating sows.
INTRODUCTION
Approximately two-thirds of P in plant feedstuffs is in the form of phytate (salt of myo-inositol hexaphosphate). Pigs lack suffi cient endogenous phytase to hydrolyze phytate P. Therefore, large amounts of unused P are excreted with feces, which increases the environmental footprint of pig production. Supplemental phytase increased digestibility of minerals including P and Ca in most studies with piglets and grower-fi nisher pigs. However, data on effi cacy of phytase in lactating sows are scarce although higher phytase doses, that is, 750, 1000, and 10,000 units/kg, increased P digestibility (Jongbloed et al., 2004) .
Effects of adding a bacterial 6-phytase to lactating sow diets on nutrient digestibility have not been assessed. Therefore, effects of adding phytase on apparent total tract digestibility (ATTD) of P, Ca, and CP, plasma mineral profi les, and performance of lactating sows were assessed.
MATERIALS AND METHODS
The animal procedures were approved by the University of Alberta Animal Care and Use Committee for Livestock, followed principles established by the Canadian Council on Animal Care, and conducted at the Swine Research and Technology Center.
Experimental Design and Diet
Forty-fi ve gestating sows (Large White × Landrace; Hypor, Regina, SK, Canada) were housed individually and fed 3 experimental diets in a completely randomized design. Major feedstuffs in the lactation diets were wheat (Triticum aestivum; 50%), soybean (Glycine max) meal (13%), fi eld pea (Pisum sativum; 10%), and corn (Zea mays) dried distillers grains with solubles (10%). Three diets containing 1.08% total Ca were prepared: (i) positive control (PC), with 0.52% available P (NRC, 1998) containing 1.54% CaHPO 4 as inorganic P source, (ii) negative control (NC) with 0.20% available P without inorganic P, and (iii) NC plus 500 units of phytase/kg diet. The 6-phytase was expressed in Aspergillus oryzae (Ronozyme HiPhos, DSM Nutritional Products, Basel, Switzerland). One phytase unit was defi ned as the quantity of phytase that liberated 1 μM of orthophosphate per min from 5.1 mM Na-phytate at pH 5.5 and at 37°C. Each diet was fed to 15 randomly selected (within parity) sows for 21 d (from 5 d prior to farrowing to 15 d after farrowing). Titanium dioxide (0.30%) was included in diets as the indigestible marker.
Pregnant sows were moved to farrowing pens 5 to 7 d prior to farrowing. On the fi rst day, sows were still fed the gestation diet (0.43% available P; 0.96% total Ca) and were then switched to the specifi c lactation diet. Sows were fed these diets for a minimum adaptation of 5 d prior to farrowing. Feces were collected twice from each sow: (i) on day 8 after farrowing and (ii) on day 15 of after farrowing. Blood was collected from the jugular vein from each sow on days 1 and 15 after farrowing; blood plasma was separated using centrifugation. Sows were weighed before farrowing (day -5) and on days 1 and 15 after farrowing.
Chemical Analyses and Calculations
Diets and lyophilized feces were ground and analyzed for DM (method 930.15; AOAC, 2006) (Peddie et al., 1982) . Diets were analyzed for phytase as defi ned. Based on results of chemical analyses, the ATTD of CP, P, and Ca was calculated using the indicator method (Adeola, 2001) as follows: apparent digestibility, % = 100 -[100 × (concentration of TiO 2 in feed × concentration of nutrient in feces)/(concentration of TiO 2 in feces × concentration of nutrient in feed)]
Statistical Analyses
Data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) using the sow as the experimental unit. Diet was the fi xed effect and replicate was the random factor in the statistical model. The null hypothesis was that phytase does not affect nutrient digestibility. In cases where P < 0.05, the null hypothesis was rejected.
RESULTS
Analyzed total P content in test diets was 0.86, 0.59, and 0.59% (as-fed) for PC, NC, and NC + phytase, respectively; values were close to calculated. At days 8 and 15 after farrowing, ATTD of P and Ca did not differ between the PC and NC diets, but digestibility of CP was 1.4%-units higher (P < 0.05) for the NC than the PC diet (Table 1) . Supplementation of phytase to the NC diet increased (P < 0.05) the ATTD of P by 6%-units at day 8 and by 12%-units at day 15 after farrowing compared to NC but did not affect (P > 0.05) the ATTD of CP and Ca (Table 2 ). Feeding the 3 diets did not affect (P > 0.05) ADFI and sow BW changes during the lactation.
On day 1 after farrowing, plasma P was 0.66 mmol/L lower (P < 0.05) in sows fed NC than the PC diet. Supplementation of phytase to the NC diet increased (P < 0.05) plasma P by 0.40 mmol/L on day 1 but not on day 15 after farrowing. Diet did not affect plasma Ca and total protein during lactation.
DISCUSSION
Phytic acid is the major P storage compound of plant feedstuffs used in swine diets. Wheat contains 0.32% phytate, which can form complexes with other nutrients thus reducing their availability. Wheat also has intrinsic phytase activity, but steam pelleting of feed will likely Within a row, mean without a common superscript differ (P < 0.05). 1 PC = positive control; NC = negative control; NC + phytase = NC plus phytase. Based on laboratory analyses, 640 units of phytase were supplemented per kilogram of NC diet. reduce or eliminate intrinsic phytase activity because wheat phytase is heat-labile (Nortey et al., 2007) . In the present study, supplementation of novel bacterial 6-phytase expressed in a strain of Aspergillus oryzae to a low available P, wheat-based diet increased the ATTD of P, thereby confi rming the liberation of P from phytate by phytase. The improved P digestibility by adding phytase to diets of lactating sows is similar to previous research, in which phytase doses higher than 500 units/kg of diet increased P digestibility (Jongbloed et al., 2004) . In the present study, supplementation of 500 units phytase/ kg of diet increased P digestibility by 17% during early lactation and by 35% during mid lactation. On day 1 of lactation, plasma P levels were lower in sows fed NC than PC and added phytase increased these levels for NC to similar as PC. Phytase supplementation could reduce incidences of postpartum hypophosphataemia. However, long-term feeding of phytase-supplemented diets did not uplift plasma P when sows established their new P homeostasis, similar to previous research (Liesegang et al 2005) .
In conclusion, supplementation of bacterial 6-phytase at 500 units/kg increased P digestibility with the potential to reduce P excretion in lactating sows.
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